The second internode counted from the top of the rice culm, which is controlled by a single recessive gene (d1), is unable to elongate more than 5 mm under natural conditions. The elongation of this genetically shrunken internode was induced by high temperature given for one week after flower bud initiation, but not by low temperature.
INTRODUCTION
The number and the length of internodes in rice plants vary depending on varieties and environmental factors. Takahashi and Takeda1) suggested that each internode of a rice culm is individually governed by a specific gene and/or gene group.
Some rice cultivars, e.g. Daikoku no. 1, Daikoku no. 2, Daikoku no. 4, Murasaki Daikoku, Ebisu, Shoryu Shinriki and Kajikaho, have an abnormally shrunken second internode counted downwards from the top of culm. This second internode is unable to elongate more than 5 mm under the natural conditions, although the second one of normal cultivars usually elongate about 10 cm in length. The shrunken internode differs from the normal strain by a single recessive gene (di) (Takahashi and Takeda,U Takahashi and Hosoi2)).
The elongation of the shrunken internode was induced by high temperature and long daylength (Hosoi and Takahashi,3) Takahashi and Hosoi2)). In this study, the relationship between the effects of temperature on IAA oxidase activity and the elongation of the shrunken internode was examined. tion of the genetically shrunken internode irrespective of long or short daylength (Fig. 2 ). Gibberellic acid (GA3) has no effect on the elongation of the shrunken internode, although it promoted additively the increment of the internode elongation under high temperature (Fig. 3) . Whereas, no effect of IAA (100-1,000 ppm in lanolin paste) on the elongation of the shrunken internode was observed. However, NAA (1,000 ppm) spray induced the elongation of the shrunken internode (Fig. 4) . Concentrations of indoleacetic acid used were not available to elongate the shrunken second internode, even if only three of ten plants treated by 1,000 ppm IAA showed the elongation of the shrunken internode. The rice internode extracts destroyed indoleacetic acid with reaction time, when they were incubated in the reaction mixture. An anomalously high activity of IAA oxidase was observed in the genetically shrunken internode of mutant rice, Daikoku no. 2 grown under low temperature (Fig. 5) . On the other hand, the enzyme activity of the shrunken internode of the rice grown under high temperature decreased. Inhibition of enzyme activity and elongation of the second internode by high temperature stress occurred simultaneously. • , control;•¡, NAA (1,000ppm); •¬,
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DISCUSSION
There are distinct varietal difference in the internode elongation of rice, e.g. tall, short and dwarf cultivars, and the floating rice which is able to elongate the internode under flooding conditions. These characteristics are controlled by specific genes. Takahashi and Takedal' suggested each internode of rice culm is individually controlled by a specific gene and/or gene group.
Several rice cultivars, e.g. Daikoku no. 1, Daikoku no. 2, Daikoku no. 4, Murasakidaikoku, Ebisu, Shoryu Shinriki and Kajikaho have an abnormal internode located in the second position from the top downwards. The second internode can not elongate more 5 mm under natural conditions, although it is well known that the elongation of rice internode varies with various environmental conditions (daylength : Vergara et al.5', Vergara and Lili,6) light intensity: Seko et al.,7) temperature : Oka8), nutrition : Tanaka et al.,9) plant density: Tanaka et al.,9) Hosoi10))
The shrunken internode differs from the normal strain by a single recessive gene (dl) (Takahashi and Takeda,1) Takahashi and Hosoi2)). Hosoi and Takahashi,3) and Takahashi and Hosoi2) reported this genetically shrunken internode was induced to elongate by specific environmental stress, that is, a combined condition of high temperature and short day length. Fuke11 reported that the culm length of dwarf rice controlled by single recessive gene varied with growth conditions, possibly certain climatic factors. This may be the first suggestion that the expression of a major gene in higher plants is altered under some environmental factors. Genetic controls of developmental processes in higher plant were studied by Samata,12-15) Phinney,16) Mathan and Cole,17) Postlethwait and Nelson,16' Wijewanthan and Stebbins,19) Smith and Stebbins,20) Stebbins and Price,21) Sawhney and Greyson,22)Sawhney,23) and Hosoi and Takahashi.3) Suge and Murakami24) found that the dwarf rice plant, Tanginbozu, is deficient in gibberellin-like substances. Takahashi and Hosoi1) suggested that the genetically shrunken internode of rice will be able to elongate normally under artificially controlled conditions. Moreover, wee2) reported the inhibition of internode elongation was caused by diminished cell expansion, but not by cell division at the stage of the internode elongation of the shrunken internode.
Gibberellic acid alone had no effect on the shrunken internode elongation, although it was applied in different ways; spraying, lanoline paste and absorption from root. Moreover, this d1 mutant was found to have almost the same amount of GAlike substances as that of normal varieties (Suge and Murakami24)). However, in this mutant rice the pretreatment of high temperature for about one week after flower bud initiation and subsequent application of GA3 induced the elongation of the internode as the second internode of the normal rice plant. High temperature, therefore, may act as a trigger to induce the elongation of the shrunken internode. In addition, an anomalously high activity of IAA oxidase was found in the genetically shrunken internode and this was almost completely suppressed by the high temperature treatment. Moreover, by spraying of 1,000 ppm NAA the shrunken internode was significantly induced the elongation. The facts mentioned above suggest that the suppression in the elongation of the shrunken internode may be related to the IAA-IAA oxidase system. Sachs25) described in his review that stem elongation can be brought about by the auxin supply. Kamerbeek,26) Mccune and Galston,27) Evans and Allichidge,28' and Schertz et al.29' reported that dwarf plants of several species possess greater peroxidase activity than tall plants. Galston and Dalberg, 30) and Bo1131) reported that an inverse relationships between auxin destruction and internode elongation was obsreved in plant stems.
Furuya et al.32) noted the presence of substances which inhibit the oxidation of IAA, such as the glucosides of kaempferol and quercetin with regard to an increase in a lag period prior to the IAA destruction. Yoneda and Stonier,4) Stonier and Yoneda,33) and Stonier et al.34, 35) reported that in the stem of Japanese morning glory, auxin protection is greatest in leaves and in rapidly elongating internode, while it diminishes in maturing and aged tissues. Stebbins and Gupta36) suggested that peroxidase affected the morphological expression of a certain gene. A connection between high peroxidase activity and remarkable effects of a gene on morphogenesis in tomato plants had been studied by Mathan and Cole.17) Pawar and Gupta37) studied the variation of isoperoxidases in tall and dwarf cultivars of rice. They suggested that the specific bands of peroxidase which exist in tall and dwarf varieties may play some role in development of tall and dwarf plants.
On the other hand, Kuraishi38) indicated that the dark-grown coleoptile of a dwarf barley strain results from its abnormal auxin biosynthesis and its smaller auxin quantities are due to the low enzymic activity of converting tryptophan into tryptamine. Moreover, Inoue et al.39) reported that the dwarf barley strains contained less endogenous IAA than the normal strain and the dwarfism of the dark-grown coleoptiles of barley strains is primarily controlled by the endogenous IAA content.
In this experiment, however, the genetical expression of the shrunken internode and the high activity of IAA oxidase were simultaneously suppressed by high temperature stress. While NAA could induce the elongation of the shrunken internode. These facts indicate that the suppression in elongation of the shrunken internode may be related to the IAA-IAA oxidase system. The data present the assumption that the single recessive gene d1 of rice caused an anomalously high IAA oxidase activity and the inhibition of the second internode. 
